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ABSTRACT:fi ordertoobtaininsi@tintotheflowconditionson tail
surfacesof airplsnesduringspins,pressure-distribution
measurementswere~erformedon a rotatingmodelof the
designBFW- M 31. Forthettiebe

?
, thetestsweremade

foronlyoneangleof attack(a= @o andvarious m@es of

yaw and rudder angles. The resultsof thesemeasurementsare
given;theconstructionof themodel,andthetestarrangement
usedaredescribed.
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I.INTRODUCTION
●

Knowledgeof theflowphenomenaatthetailsurfacesforstalledflight
condition,particularlyforan addedrotsxymotion,isof fundamental
importanceforthestudyofthe~roblemofspiR.Kboveall,theshielding
effectof fuselagemd horizontaltailsurfaoeson theverticaltail
surfacesisofinterest.Forcemeasurementsfieldonly-titegral.values
andshow-littleconcerningthenatureof theflowphenomena.Fora
betterunderstandingof theflowconditionsatthetailsurfacescmemust
dependon theexperimentaldeterminationof thepressuzwdistribution.
Thefollowingreportbringstheresultsof sucha nmasumment.It is,
sofaY,onlya matterofprelhdnargtestswhichem toserveasa basis
forlatertestsand,on thebasisofgainedexperience,toindicatehoii
futuremeasurementsofa s3milarHnd shouldbe perfomned..

II.PRINCIPLESTHETESTSAREBAEXDOIV

Forthesemeasurementsanafrplenedesignwasselectedwhichshowed
inclinationforflatspinsendonwhichatthesametimeflyingtests
wereperfomedelsewhere.Thedesignh questioniS theBFN- M 31.

Thefirsttestswereperformedwithstandardtailsurfaces.However,
laterinvestigationsofvarioustypesoftailsuu%soesou thesamemodel
areintended.

III.DESCRIPTIONOFTHETE9TARRAN@!lMENT

1.ConstructionoftheMcdel

Themodelof theairplemedesigninvestigatedwasbuiltin aneJ.l-
metalcomtructionon tiescele1:1oaccordingtodataof thefirm
BayerischeFlugzemgwerkeA.-G.Augsburg.Tworeasonswere decisivefor
metalconstruction:

a. greatmechanicalstrainbymassforces

b. desix.wforfreedomfromdeformationsincethemeasurementswill
extendovera longperiodofthm

..

.

Figure1 zwpresentsa surveydiagramofthemodelshowingthemain
dimensions.Thetwowinghalveswereroughedby hsmmmrlngtwopieces
of 3 rgmthickaluminumfoil,andwelded.at thenoseandtrailingedge.
Thefinalformingwasdone%y handaccordingtotemplet.Thefuselage
wasmanufaotedof silicon-sluminumalloycastingandwasalsohand-finished.

.
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lb ordertoconfinetheflowdisturbance,forallconditimsinvesti-
gated,to thenarrowestp~ssiblelimitscmeaimedatplacingthepartsof
theattachmentof themodelon thedriveshaft@ thoseservingfor
adjustmentof theanglesof attackendof yawintothefuselageofthe ‘
model.Five 2 showsa sectionaldrawingof themodel,showingthe
con@ructiondetails.Theconnectionwiththedriveshaftwasmadeas
follows: a forkendofhigh-gradesteelisboltedto a baseTlatewhich
trensferstheforcesdirectlyontothemodel.Theforkhasa boring~d ‘--
a slotfora wedgedpinconnectingtheforkwiththeshaft-connectionpiece
andanadapter.Thisconnectionsimultaneouslyoffersthepossibilityof
adjustingtheangleof attack.Theshaftconnectionpiecehasan int6mal
gesringintowhichtheadapterinterlockswitha correspondingcotiter
gearing.Everyshiftingby onetoothcorrespondstom englevariation -”
of10°● Forthepossibilityof s&justmentof intermediaryvaluesthe
adapterwasfurnishedwitha secondslotfortheconnectingwedgewhich
isdisplacedby 85°relativeto thefirst.By suitableinstallationof
theadapterandinsertionof thewedgeintothesecondslotthevalues35°,
45°,etc.maythenBe adjustedsothatthemodelcanbe connectedtothe.
driveshaftfrom30 to 90°b intervalsof 5°. Foran arrangementwith
thedriveshaftpassingthroughthecenterof gravity,smallervaluesthan
30°cannotbe attainedwitha straightshaftsincetheverticaltailsurfaces
wouldinterferewiththedriveshaft.Theuseof a camshaftmadea lighter
nmdelconstructionnecessarywhichwasgivenup forthetimebeing,dueto
thereasons@ven inIII,1 a endb.

. Theangleof y- isarbitrarilyad$zstablewithinthelimits
-10°to+ 10°. Theadjustingdeviceis,briefly,asfollows:Thebase
plateof theforkendcarriestwoo%liqueslots(seefig.2). Twopins
interlockin theseslotstherectengulmrbaseofwhichisfittedintoa
grooveofthebase@ate. Thebaseisboredthroughandfurnishedtiith
right-handandleft-handthread,respectively.By meansof a spindle“”

.—

whichalsoshowsright-hand-d left-handthreedandisplacedat the
baseplatetheptismaybemovedin theslotstowardtheoutsideor
inside.Therebytheforkitse~ is rotatedabut itsverticalaxisand
thesngleof yew$8 altered.Thetorquetobe absorbedis transferred
by thepinstotheforkineverypositionwithoutchanges.Theshsft
jointcouplingis fixedtothedriveshaftby a couplingnut;thetorque
is atthispointtrer.sferredby a wedge.

Figure3 showsa photographof theWdel withtheupperfuselage
shelltakenoff. I!norderto showtheattachmentof thewingsto the
fuselage,thecoverplatehasbeenremovedfromtheuppersideof the
leftwing. Thepartialsectionrepresentedinfigurek showsshoveall
theforkendendthespindlefored$ustmentof theangleof yaw.

Thefuselageendwiththetail-surfaceereaswasWilt b an inter-
changeableconstruction. Thefrsmeworkofthetailfinswasattechedto

. thishollowtailpiece(seefig.5). Theframeworkof sucha finconsists
of a %rassframerigidlyconnectedwithribsof thessmematerielandwith

.
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mm thickness.Themeasuringboreholeslie,in each
enterintothetubuleswhichtrenmuitthepressures.
thetail-surfacefremeworkwerefilledupwitha

synthetfcmarblemassendafterhardeningfinishedas a wholewiththe
ribs.

Thecontrolsurfacesweremenufaoturedin theseinemannerandpivoted
tothefinswitha continuousbolt. Afterremovalof thesdapbersvisible
in thephotographtheboltmaybe insetiedat thecontnl-stiaceends.
By tighteningthebolt,thecontrolsurfacesmaybe lockedin anydesired
position(control-surfecedeflectionsarepossibleup to4$?5°).The
pressurelinesweredevelopedflexibleby attachmentof a valve-tubing
connectionat thecenterof rotationof thecontrol-surfaceaxis;they
wereledthroughthehollw endofthefuselagetoa controlpanelin the
titerforof thedividedfuselage.Hencetheconnectionwiththelinesin
theinteriorofthedriveshaftwhichprotrudedfroma slotattheshaft
endwasmade,alsobyvalvetubing.

Sinceonlya limitednuniberof llnescouldbeplacedintheinterior
of thehollowfuselageend,onlyonesideoftheverticaltailsurfaces
wasprovidedwithmeasuringboreholes.Theboreholeson thehorizontal

—

tailsurfacesweremsdeononehalfontheupperside,on theotheron the
lowerside.Thepressureson thesideswithoutboreholesweredetermined .
by reversingthedirectionof zwtationaswellas angleofyawandrudder
sngl.eof themxiel(incasethelatterweredifferentfrom0°)andperforming
themeasurementagainon thesidefirstmeasured.

The.photograph,figure6,
connectionpiece.

2.

showsthecomplete

DrivingWit -

— .

modelwiththeshaft ‘

Themodelwasdrivenbymeansof a testdevicedevelopedpreviously
forpressuredistributionmeasurementson rotatingwings.Itconsists-
essentiallyoftwoparts:a rigidbearingpedestalenda driveshaft *
h~ldbywirebraces~d restingintwoballbearingsfastenedina tube.
An elasticcouplingconnectsthetwoparts.

In therearpartof therigidbearingpedestalareFuhrmsnngaslmts
(seefollowingparagraph);w!.ththeiraidthepressuresweretmmmftted
fromtherotatingsystem.In thefrontpartof thisbearingpedestalthere
areplaced,aboveandbelow,thesprocketwheelsservingfortrensferof
thetorqueof themotorontothedriveshaft.TheMvtig unitwitha
rpm-counterisin thetestsectionbelowthefreeJet.

An adjustablecounterweightisfastenedtothedriveshaftbetween
therearbearingsandtheelasticcouplingwhichservesforthestatic

..
* -“
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compensationof theweightsofthe
wormwheelis situatedtherewhich

5

rotatingsystem.Moreover,a womnwith
servesasrevolutionindicator.

Fi~e 71 showstheinstallationof themodelinthetestsectionof
thewindtunnelK IV (1500mm nozzlediameter)of theAerodynamischen
Versuchsenstalt.The~hotographshoiisthebearingblockwiththegaskets
end
one
the

thedriveshaftbracedin frontof it. In thelowerpertof thefigure
seesthechainleadingtothedrivingunit. Thetub- connectedwiti
manometeralsois clearlyvisible.

3.PressureTransfer

In ordertotransferthepressuresfromtherotatingsystemtothe
stationarymanometer,gasketsof the~ typewereused(seeFubrmemn:
‘Untersuchungenan einemIlroyefiermodell”LTnvestigatio~”ona =o~eller
Model].2XM1913,Nr.4,p. @, andalsoFlachsbqrt:“Luftschrauben”
[Propellers].Handb.d. E@. Phys.,M. 4, 3.Tell,P. 35). These@skets,
ina slightlyalteredform,stoodup wellinthetests,exceptthattheir
totallengthdidnotpermittheuseof en arbitraryntier in series.

Sinceforthepresentcaseonly9 gaslmtswereatdisposalandany
greaternumberisdifficultto install.,applicationof a titiplemanometer
wasomittedendthepressureswereconveyedindividuallyeachto a Prandtl
manometer.Thesomewhatgreatertimeexpenditureinthiscasewas
compensatedby thesimplifiedevaluation.Everygroupof 9 pressures
whichcouldbemeasuredsimultaneouslypertainedto a tail-stiacesection.
Theboreholesof theothersections-whichopenedintothesameducts-
weresealedwitha plasticmass(Stauffergreaseenrlbeeswax).It should
bementionedthatthesourcesoferrorincreasewiththenuriberof gaslmts
sothatit seemsadvisableto reducethemeasuringthe by anothermethod
(seesectionVI).

A detailed.descriptionofthedrivingunitendthegasketswillbe
publishedin a laterreportby M. fihler:‘tiuckverteilungenem rotierenden
Tragfliigeln”(Rressuredistributionsonrotatingwings.)

Iv.REPRESENTATIONOl?TTElTESTRESULTS

1.Evaluation,Cormctioas

Thepressuresmeasuredon therotatingnuflelrequireta correction
sincetheairmassintheinteriorof theductingis subjectedto centrifugal
forces.Dueto theeffectof thecentrifugalforcesthereadingof the

%his figurewastotallyhdistinguishableintheonlyavailable
copyof theoriginalGermandocument;therefore,itwasnotreproduced
inthetranslatedversion.
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positivepmxmres wastoolow,thatof thenegativepressurestuohigh,
ly theemountofthedpamicpressureofthelocalperipheralspeed:

m signifyingtheangularvelocityabouttheaxisofrotattonend % the
verticaldistanceoftherespectivetestpointfromthisaxisofrotation.

In ordertoavoidthelengthydeterminationby calculationof ??Mfor
thevariouscont?ml-suzfacepositionsandyawingangles,a simpleauxiliary
devicewasmanufacturedwhlc~permitsa
withan accuracyof aboutiO.5mm. The
theshaft-connectionpieceof themodel
withtherespectiveangleof attackend

Fortherepzwsentatfon,theactual
modelwere- likethoseofthemodelat

di%ctmeasurementof thedistances
devicemaybe fasteneddirectlyto
whichis adjustedInaocordence
OfYEW(seefig.8)3.

pressuresprevaill~ontherotating
rest- madedtiensionlessby division

by thed~amicpressureoftheundisturbedflow. Sinceduetotherotation
atthelocationofthemeasurementtherelativefree-streemvelocitymay,
occasionally,be lergerthantheundisturbedfree-st~emvelocity,itis
understandablethatthepressuzw-distributioncurvesforrotationmay

show partlyhl@er positivepressuresthan P/q= 1.

2.I?lottingoftheResults,Definitions ‘

Figure9 showsthepositionof themeasuringboreholeson thetail
surfaces.In ordertoobtaincleardiagrems,thepressurs-distribution
curvesforhorizontalandverticaltellsurfaceswereplottedseparately
(figs.llto 30). Positivepressuresareplottedupward(ri@t),negative
pressuresdownwani(left).Belongingtoupperor lowersideofthe
horizontal.tallsurfacesor,respectively,starboardorpmt sideofthe
verticaltailsurfacesisChtiaoterizedby openorfilledcircles.
Definitionof theengl.esendthedirectionofrotationis alsomarked
on thediagremtopermita bettervisualization.

In allteststherotationtookylaceclockwise,viewedfromthepilot.
Thedefinitionof theanglesfollowsfromfigure10. u signifiesthe
peripheral.speedof thewingtips(~b/2jb = span),sothat

.

2Thecentrifugalforcestillprevailinginthetiterikmof theFuhrmann
gasket-

#
sincethedistanceofthetestboringfromtheaxisofrotationwas

verysmall.com~edto ~ - wasneglected,
3~is figurewastotallyindistinguishablein

oftheoriginalGermandocument;therefore,itwas
translated~ersion.

-.

theonlyavailablecopy
.

notreproduced,inthe

*
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v.

In figures11to 30
plotted:

DISCUSSIONOFT’KERESULTS

theresultsof thefollowingmeasurementsare

a forall.measurements= &l”

u forallmeasurements,cloclwise,viewedfromthepilot

Allcontrolsurfaceson zero

‘S=+’’l.=cr’ws;u=o‘

‘r = -10°
Allcontrolsu@?aces

T = +10°

As themostinterestingresultofthe

[

v- “m/s;
on zero

U/V - 0.6

measurementonehas

u= o

%0 regafi
thefactthatforallarrangementsinvestigatedinrotationtheyressures
on.theverticaltailsurfaceshavetheeffectoforiginatinga forcein the
directionof therotation.Fortheinvestigatedangleof attackof 60°the
verticaltailsurfaceshave,thereforeduetotheinterference,nota
dsmping,buton thecontrsry,enexcitationeffect.Thereasoncanbe seen
fromthemeasuringresults.Theverticaltailsurfacesliecompletelyin
theregionof theseparatedflowof thehorizontal-tail-stiacesuction
side.Duetotheadditionalcomponentofthefree-streamvelocitycaused
by therotationthedirectionoftheoncomingflowisnotinthesymmetry
pleneofthehorizontaltailsurfaces.Thenegativepressureson thesuction
sideandthepositivepressuresonthepressuresidealwaysliehigheron
theleadlngthanon thetrailingwing. Seeforinstancefigties11and13.,
Figure12 showsthepressuredistributionforT = O,allcontrolsurfacesin
zeropositionm = O,andfigure13 thepressyredistributionforthesame
positionwithrotation(u/vN0.3).lfithoutrotationthenegativepressures
He on theaverageat0.7of thedynemicpressure,withrotationforthe
leadingwingat about0.6, forthetrail.ingwingontheaverageat0.55
of the@amic pressureof theundisturbedflow. Theverticaltailsurfaces
lieinthisfieldofpressure.As onecanseefromfigure14,thenegative
pressureson theportsideof theverticsltailsurfacesareabout0.9q,
on thestarboardsideabout0.6q,correspondingto therespectivenegative
pressuresof thehorizontal-tail-surf=esectionnexttothefuselage.

. _.

(h strengthanalyses,too,thedifferentimpingementoftheflowon the
horizontaltailsurfacesshouldbe takenintoconsideration).
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Thustheflowatthehorizontaltailsurfacesisdecisiveforthe
pressurefieldsurroundingtheverticaltailsurfacesincasethevertical .
tailmrfaoesareshieldedby thehorizontaltailsurfaces.Rudderdeflec-
tions,as showninfigure18,arealmostwithouteffect.Thecurvesof
thepressuredistributionforthiscasedonotdifferessentialfrom
thoserepresentedinfigure14 (withoutrudderdeflection).Onlyonthe
lowestpartoftherudder,whereit liesunderneaththeelevator,the
largernegativepressuresexistonthestarboafiside,andtheport
sidestillshowsyositivepressurestowardthefuselagesothatthispart
of thesurfacehasa dempingeffect.Henceonecanseethefavorable
effectof anupwardshiftofthehorizontaltailsurfaces.A larger
partof theverticaltailsurfacesisby thiemeasureprotectedfrom
interferenceendservesthenforproductionofdampingmoments.

Accordingtowhathasbeensaidsofartheforceson thehorizontal
tallsurfacesalsoyielda rollingmoment=ting inthesenseofrotation,
thushavingenexcitationeffect.

A downwardelevatordeflectionproduces,asis tobe expected.,a
slightlymoreuniformpositive-pressureareaonthepressuresideofthe
horizont~tailsurfaces;theconditionson thesuctionsidemd the
verticaltailsurfaces,however,arehsmilyaffectedby It.

.
Theflowat thetailsurfecesisonlyslightlyalteredby positive

ornegativeyawingangles,Theinterferenceeffectofthefuselageon
theregionof thehorizontaltailsurfacesnearthefuselageis significant .
fora ~ositiveyawingangleonly.l?igure29 showshowonthesection
of thehorizontaltailsurfacesnearthefuselage(starboaztlside)
negativepressuresstillappearevenonthefronthalfof thepressure
side,incontrasttofigure25 (negativeyawingangle)wherethepressures
showpositiveamountsof0.4q totheendof theelevator.(Asubsequent
controlmeasurementconfirmedthepressuredistributionofthesection
nearthefuselagerepresentedinfigs.25 end29.)

.-

Fortheverticaltailsurfaces,theinfluenceof thentation
predominatesoverthatof theyawingmgle. Fornegativey~ing angle
(withoutrotation)thenegativepressuresontheleftsidesmdforpositive
yewinganglethenegativepressuresontherightsidebecomelargerth=
on therespectiveoppositeside-

-.
againcorrespondingtothepressure

distributionoverthehorizontaltailsurfaces.onlyfortheuppezmost
sectionoftheverticaltailsurfacesaretheconditionsalwaysreversed.
Probablyherealresdya reliefof thenegativepressuretakesplace.

Themeasurementswithyewingemglescouldbe performedonlyfor
highervaluesof u/v,sincefor 7.=AIOOtheautorotat~gnalvelocity
of themodelalreadyassumedtoogreat-valuesendtheefistingsuspension
devicedidnotpermitIn@ring.Clockwiseautorotationoccurredfora
positiveyawingangle.It is startedb~ thewingalonesince,as the

—

.

.
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testsshowat thebegirmingofthemtion,theresultantairforceson the
tailsurfaces(horizontalaswellaaverticaltailsurfaces)takeeffect
sgainstthestartingrotation.OncetherotationisestablishedtheSiw
of theairforcesaffectingthetailsurfacesisreversed=d theyyield
ncma contributionpromtingtherotation.

Finally,theplottingof thepressuresagainstthetail-stiaceareas
wasdealtwithas ifrudderandfinwouldformanuninterruptedarea.
Actuellytherudderslotonthemodelwasvanlshinglysmallsothatno
notewotihypressurebalsncecouldtab place.Onecsnseethatfromthe
factthateXlpressuredistributionsoverthevarioussectionsof the
horizontaltailsurfacesshowonlya sli@t recessinthecurvebetween
thelasttestpointonthefinandthefirsttestpointon theelevator.

VI.lItDICATIONOFFURTHERMEAS~ TO BE PERFORMEDWITE

A T!FSTARRANGEMENTAIRl?MDYPZItNGIl@NXLC)PED

Thenewtestswiththemdel of theM 31aretobe continuedfor
varioussmalleranglesof attack,alsoforthefurthercaseof theaxis
ofrotationnotpassingthroughthecenterof gravity.Furthermore,it
isIntendedto investigateotherformsof tailsurfacesandotherpositions
ofthehorizontaltailsurfacesd toperformmeasuremmntson thevertfcal
tailsurfaoeswiththehorizontaltailsurfacestakenoff,inorderto

obbdn mme dataforthestudyof flowphenomenaat thetailsurfacesin
Spin.

A newtestarrangementwi~ be requiredsincetheapparatusused
fortheinvestigationsdescribedherewhichactuallywasdestinedonlyfor
meammmmntswithlightermodelsprovedtooweakforthecase.Besides
thisnewtestarrangementa newt~e ofpressure-transferdeviceshallbe
usedinordertoavoidtheclifficultiesimpedingthesimultaneoustransfer
of a multitudeof pressures.Withthatapparatusitwillbe possible
to conduct26 pressurelinescmningfromthemodeloneafterenotherto
onlyonegasketwithoutinterruptionof thesteadyrotarymtion. This
deviceisdescribedina separatereportbyW. Mautzunderthetitle,
“EineneuartigeDruckumschaltvorrich&ngf&
Systemen”(Anewtypeofpressureswitchfor
rotathgsystems).

VII.SUMMARY

Druclmessungenanrotierenden
pressuremeasurementson

Theresultsof thefirstpressure-distributionmeasurementson the
tailsurfacesof a rotatingmodeloftheEFW- M 31werereported.The
measurementswhichweremedewithoutrotationforenangleof attackof

●

.
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6° showedas themosttmportantresultthatforthissngleof attackthe =
verticaltailsurfaoesarecompletelyshielded.In thecaseofrotation
duetothepressureconditionsat thehorizontaltailsurfacesan excitation
momentisproduced.,independentoftherudderangleandtheangleofyaw.
Theinfluencesof rudderandymringangleswerediscussedendtheresults
of allpressuredistributionmeasurementsrepresentedon grams.

Thetestarrangementusedwasdescribedanda newohewhichisbeing
developedpointedout. Theintendedenlargedtestprogramwasbriefly
reported. -.

TranslatedbyMaryL.Mahler
NationalAdvisoryCommittee
forAeronautics

“

.
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Figure3.

Figure4. -
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F@ure5.-Interchangeablefuselageendwiththeframework
surfaceareas.

ofthetail-
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F@ure6.-Viewofthemodelwiththeshaft-connectingpiece.



.

.

.

.



I I ‘ Test&ties
Elullr

. t

Lmeholes cmthe lower side

“1

●

I

“Time 9.-Arrangemetiofthetestboreholesonthetdlsurfaces.
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Axisofro
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Axisofrotation

Skiddingoutward ““
(SeeFB 235,Richter-Rothe,

.

.

p.15.)

Figure10.- Sketchindicatingdefinitions.



, .

Y
-. r
?\

h HI

o Upperside
● Lowerside

-T IT’klll\lxil h

-d

Figure11.



y---7”
‘\ = .A%!f7i

Figure12.

,

I

I U—ou 1



.
,

o Ukwr side
● Lowerside

Figure 13.



.
1

3xr’f-- \\ .----”---

.



.

–N!%.–.– / --. =

v

Figure 15.

.

/2



I?@re 16.

.
.,

. . .



. ,

FigurelY.



.

Figure 18.

.

\</- //
/-

-— -- ““ w~!!!
2-0 v -.

,.1 1A21O IWL
Zzil

.



,
. ,

, .



N
CD

t ‘\\ o-/
{“t,y ‘l$&s-

x /“ -----

-L-----

0

fi”-
/IJ

. .

Figure 20.

,



1 , , *

-w.—-.

Figure 21.

&l



,

W[
. .

Ka

. J-5\ --------

- ,/ -.
\ .— /-

-1.”

Figure 22.

‘

● Left.side

~ =Co”

w
o

,



. # . .

Figure23.

LAJ
P



,

.



, I ● ☛

Figure 25.

(d
UJ



#

Figure 26.



%’

Figure 27.

I

● Lowerside

R

am
v 22.53

;Ouo

p#o%?o

oUpperside

w
ul



, ,

Figuxe 28.



“+”—w“ v

its:.,\

Figure 29,



●

A’

0“
/@A\

,/
/“

0’

Figure 3).

w
CD


